Abstract Canada's oil sands hold the third largest petroleum reserves worldwide and have experienced rapid economic growth. The oil sands region provides an ideal location for studying local adaptations through reciprocal transplant (RT) because populations within the region have been historically exposed to naturally occurring bitumen. Our objectives were to (1) determine if Hyalella azteca from habitats within the oil sands region exhibited increased tolerance to constituents associated with industrial bitumen extraction compared with H. azteca from habitats outside the region; and (2) determine if any observed tolerance was attributable to local adaptation. Five populations of H. azteca were reciprocally transplanted from reclaimed and reference wetlands: four from local wetlands plus one naïve laboratory population. Survival, toxicity, and behaviour were measured before and after the RT period. Survival varied by population and site. These results show that the differences in responses among populations are likely not attributable to local adaptation and that laboratory populations of H. azteca provide ecologically relevant results when tested in the field.
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Graphical Abstract
Adaptation resulting from continuous exposure to naturally occurring constituents can lead local populations to exhibit a greater tolerance to those constituents relative to naïve animals from outside the region (as reviewed by Hereford 2009 ). In the context of ecotoxicology, local adaptation to contaminants can be measured using a suite of end points such as survival, growth, and reproduction among others. If the differences among populations are pronounced, they could have consequences for the genetic diversity of a species (Hughes et al. 2008) . In northern Alberta, natural bitumen deposits occur at the surface, sometimes occurring in or around streams or other freshwater systems. Organisms that inhabit these systems have been exposed to naturally occurring bitumen for generations despite the fact that these same systems experience very little to no anthropogenic contamination from industrial bitumen extraction or processing.
Local adaptation is the pattern of increased fitness and the process leading to it for animals within their local habitat compared with foreign habitats (Kawecki and Ebert 2004) . Local adaptation is driven by divergent selection. Divergent selection is driven by environmental differences in habitats such that a local population should evolve traits that provide it with some advantage in its local habitat relative to other, nonlocal genotypes. In the absence of other constraints, this advantage should manifest as a greater relative fitness for resident populations in their local habitat compared with populations originating from other habitats (Hereford 2009 ). However, local adaptation is not a necessary outcome of divergent selection, and it can be confounded and hindered by other forces such as gene flow, genetic drift, temporal variability, and lack of genetic variation (Klerks 2002) .
Local adaptation should manifest as improved fitness for a local population in its local habitat compared with a different habitat. This pattern of local adaptation can be tested by studying more than two populations across at least two habitats, which allows a direct comparison between genotypes under similar environmental conditions. Reciprocal transplant (RT) experiments are ideal for studying local adaptation because they allow for investigation into the effects of the entire habitat. Documented cases of local adaptation have been reviewed by Reznick and Ghalambor (2001) and Hereford (2009) and include studies showing local adaptation in animals inhabiting areas along a gradient of industrial contamination (e.g., Khan et al. 2011 ). In fact, many studies that document local adaptation do so in response to anthropogenic changes in the environment (Reznick and Ghalambor 2001) .
The current study investigated four native populations of H. azteca from four wetlands in the oil sands region of northern Alberta and one non-native population provided by the Canadian Centre for Inland Waters (CCIW, Burlington, Ontario, Canada). To estimate the effect of oil sands operations on the H. azteca metapopulation endemic to the region, we compared the tolerances of H. azteca from reclaimed wetlands adjacent to mining operations, but not incorporating oil sands process-affected material (OSPM) into their construction, with those from reference wetlands that received no industrial effluent or input. Any effects seen in the reclaimed wetlands tested here, therefore, should be a result of environmental factors associated with those reclaimed wetlands that are adjacent to oil sands operations. Local adaptations have not yet been studied using H. azteca in Canada's oil sands region. If animals collected from northern Alberta have undergone local adaptation, they should show greater survival, increased tolerance to constituents associated with the region relative to the laboratory population, and less impaired behavioural function.
Alberta's oil sands region provides an ideal location for testing local adaptation for two reasons: (1) There are measurable differences in habitat quality between reclaimed and reference wetlands (i.e., Bendell-Young et al. 2000) ; and (2) there is limited gene flow between wetland sites. Gene flow between the wetland sites chosen is likely low because of H. azteca's poor overland dispersal ability and the lack of waterfowl at three of four wetland sites (Swanson 1984) . To test whether or not local adaptations have occurred in the region, we executed a 14-day in situ RT experiment using both local and foreign populations of H. azteca. Lethality, quantified as LC50 values, was tested because any changes in sensitivity should be driven by the differences in environmental factors associated with each site. Phototaxis was investigated because changes in the normal negative phototactic response of H. azteca have been documented in amphipods exposed to parasites and contaminants (Benesh et al. 2005; Phipps 1915 ). Sensitivity to a reference toxicant and phototactic responses were tested before and after the RT to determine: (1) the effect caging had on the animals, (2) whether or not differences in environmental factors of sites were pronounced enough to affect population response to a known OSPM-associated toxicant [cadmium (Cd)], and (3) determine whether or not environmental factors differed enough between the sites to affect the phototactic response typical of H. azteca.
Methods and Materials
All experimental study sites were located in northern Alberta near Fort McMurray [56°43 0 44 00 N 111°23 0 5 00 W (Fig. 1) ]. Several experimental wetlands were considered for study, but ultimately two reclaimed sites were selected from a possible seven. The chosen two were designated as reclaimed-1 wetland (REC1) and reclaimed-2 wetland (REC2). These wetlands were initially chosen for a number of reasons:
• There was previous and ongoing environmental research at each site.
• H. azteca were found in sufficient numbers for testing.
• Both wetlands had formed opportunistically in reclaimed areas.
Each of these wetlands was designated as reclaimed, meaning that they formed and continue to exist in reclaimed areas on oil sands leases.
The REC1 wetland is a reclamation area where overburden was stored when it was initially stripped for mining. A wetland formed there opportunistically, and it is not uncommon to find large numbers of waterfowl there. Located in a reclaimed area adjacent to active tailings ponds, it receives no direct anthropogenic input. The REC2 wetland formed on the site of a reclaimed gravel pit in 2011 and receives no direct OSPM input. The two reclaimed sites represent the two different age groups in the literature of reclaimed wetlands in the region. The REC1 wetland was designated ''old'' ([7 years old), and the REC2 wetland was designated ''young'' (\7 years old). These designations were chosen from the literature because reclaimed wetlands that are \7 years old have greater rates of mortality in tadpoles (Hersikorn et al. 2010 ) and lower invertebrate richness than [7-year-old wetlands (Kovalenko et al. 2013) .
In contrast, the REF1 and REF2 wetlands are located upstream of Fort McMurray and oil sands-industry development. Reference sites were defined as any wetlands not receiving direct or indirect OSPM input from oil sands operations. The REF1 wetland is located at 56°45 0 39.73 00 N 111°37 0 47.50 00 W, approximately 10 km west of Fort McMurray. It is directly adjacent to the road, which is used primarily for recreational access to the Boreal forest surrounding Fort McMurray. The REF2 wetland is adjacent to the highway and located at 56°31 0 9.16 00 N 111°16 0 45.04 00 W, approximately 15 km south of the Fort McMurray city limit. These wetlands were chosen because (1) they support H. azteca populations that had sufficient numbers to support this study; (2) they are upstream of oil sands activity and municipal inputs; (3) they are minimally influenced by human activity; and (4) they are accessible. All study sites in the region probably experience atmospheric deposition of oil sands-associated constituents (Kelly et al. 2009 (Kelly et al. , 2010 ; however, deposition is greater along the north-south axis than east-west, probably because oil sands development is concentrated along the Athabasca River (Cho et al. 2014 ).
For the RT, H. azteca were collected from REF1, REF2, REC1, and REC2. A total of 1500 individual H. azteca were collected from littoral vegetation of each wetland from July 20-25, 2014, using 7.5-cm dip nets. A reference laboratory population was obtained from the Canadian Centre for Inland Waters and Lakehead University Nutrient Ecology Laboratory (LUNE, Thunder Bay, Ontario, Canada). Before the RT, the animals were kept in 11-L Rubbermaid replicates in a temperature-controlled onsite laboratory with constant aeration and a 16:8-hour light-todark photoperiod.
The five different populations (REF1, REF2, REC1, REC2, and the laboratory test population) were transplanted to each of the four different wetland exposure sites (REF1, REF2, REC1, and REC2). Thus, each population was represented at each exposure site during the same testing period, in part accounting for temporal variability in water-quality parameters among sites. The exposure period began on July 25, 2014. Three replicates of 100 animals/ each population were housed in 11-L Rubbermaid bins. Water exchange between the bins and the surrounding wetland was allowed by the cutting of approximately 8 cmdiameter holes in the side of each bin. Animals were restricted from leaving the bins by securing 500-lm Nitex (Dynamic Aqua-Supply, Surrey, British Columbia, Canada) mesh over each hole. Each site contained three replicate bins with a total of 300 individuals from each population housed within each site (1500 individuals/wetland, 6000 individuals total). Animals from each bin were provided with 0.27 mg TetraMin fish flakes/individual every 2 days (as described in Environment Canada 2014). The exposure period ended after 14 days on August 8, 2014. Surviving animals were counted and collected for post-exposure experiments. At the end of the exposure period, proportional survival was tallied for each population as immobility with the absence of any pleopod twitching. Survival has been shown to be one of the most sensitive indicators of chronic toxicity for H. azteca rather than reproduction as is the case with Daphnia magna (Borgmann et al. 1993; Keithly et al. 2004) .
Before and after the RT exposure period, 48-hour wateronly LC50 values for Cd sulfate octahydrate (3CdSO 4-8H 2 O) were performed to assess pre-RT and post-RT toxicity for each population. These tests were performed according to methods described in Environmental Protection Series 1/RM/33 2nd edition (Environment Canada 2014). A test was considered invalid if survival in the controls was \80% (Environment Canada 2014). Cd was chosen as a reference toxicant because Cd is a metal of concern associated with oil sands (Allen 2008) development as well as a United States Environmental Protection Agency (USEPA) priority pollutant (USEPA 2014). The reference toxicant assays were performed in reconstituted laboratory water at room temperature [SAM-5S (Borgmann 1996) ] and nominal Cd concentrations of 0, 1, 4, 22, and 88 lg L -1 . These concentrations were chosen based on published values reported in the USEPA's EcoTox Database for H. azteca (USEPA 2015) . Each replicate consisted of ten randomly selected individuals placed into 266-mL high-density polyethylene disposable plastic cups containing 150 mL of exposure medium and a single 2.5-cm 9 2.5-cm piece of Nitex mesh for substrate. Polyethylene test vessels were purchased from a local department store and were used only once. After 48 h, the survivors were counted and frozen for later use. As with the RT, mortality was determined as immobility with the absence of any pleopod twitching. Each treatment was replicated three times for a total of 15 test vessels/experiment and 150 individuals in total.
Behavioural experiments followed the same basic procedures as the LC50 experiments described above. A behavioural assay was chosen based on the negative phototactic response in H. azteca (Benesh et al. 2005; Phipps 1915 ). Before and after the RT exposure period, populations were tested for their response to light. The experimental setup consisted of two six-well plates, one with half of each well occluded with black acrylic paint on the outside and the other unaltered. The half-occluded plate was inverted and placed on top of a six-LED circuit board that had one clear LED situated beneath each well. When the light was turned on, approximately half of each well was illuminated. The unaltered plate was placed on top of the inverted half-occluded plate and was used to house the animals and exposure water. The entire apparatus was placed inside an opaque box to prevent interference from outside light sources. A Logitech (Newark, California, USA) C525 webcam placed in the top of the box recorded the individuals for the duration of the experiment. Before each test, 12 mL of SAM-5S reconstituted laboratory water was placed into each well of the six-well plate along with one randomly selected individual per well. The individuals were allowed to acclimate to the test chamber for 4 min before the experiment began. Individuals were video recorded for 8 min, and the proportion of time spent in the dark half of the well was determined manually for each individual.
Water samples were collected during the RT-exposure period from each wetland on July 24, July 31, and August 9, 2014. Samples were collected in 1-L Nalgene bottles (Thermo Fisher Scientific, USA) and immediately placed on ice for storage before shipping to LUNE for the analysis of specific conductivity, pH, alkalinity (as mg L -1 -CaCO 3 ), NO 2 ? NO 3 , total nitrogen, dissolved organic carbon (DOC), calcium, potassium, magnesium, sodium and trace metals using inductively coupled plasma-mass spectrometry (ICP-MS). All trace-metal samples were filtered through a 0.45-lm nylon filter and acidified to 1% using 3% HNO 3 before being analyzed by ICP-MS.
All statistical analyses were performed using R version 3.1.3 (R Core Team 2014) with a = 0.05. The survival data collected from the RT experiment were tested for normality and homogeneity of variances using ShapiroWilk's and Bartlett's tests, respectively. The proportional survival data were arcsine square-root transformed to meet the assumptions of normality. The mean survival of each source population and exposure site in the RT experiment were compared using analysis of variance (ANOVA). After ANOVA, a Tukey's Honestly Significant Difference (HSD) test was applied to determine differences within sites and source populations. For the lethality tests, LC50s were calculated using probit analysis, and differences among estimated LC50s were determined using the ratio test described in Wheeler et al. (2006) . Behavioural results, measured as mean proportion of time spent in the dark half of the well, were tested for normality and homogeneity of variances. Once parametric assumptions were verified, results were analyzed using two-way ANOVA to determine the effects of population and site on survival, toxicity, and phototactic responses.
Differences in survival, toxicity, and behaviour between treatment groups may be attributable to either differences in population characteristics, such as genetic composition, or differences in site-specific variables such as trace-metal concentrations. To investigate if water chemistry could explain any differences between treatments, nonmetric multidimensional scaling (NMDS) using Bray-Curtis distances was performed on all water-chemistry variables using the ''metaMDS'' function from the ''vegan'' package (Oksanen et al. 2016 ). Where measured values were lower than the detection limit for a sample, half of the detection limit was used in the analysis. Some metals (aluminum, lithium, manganese, molybdenum, niobium, lead, antimony, tungsten, yttrium, and zirconium) were removed a priori from the ordination because of insufficient measurements to calculate a mean (i.e., \3), or because too many measurements were lower than the detection limit (i.e., C2). To assist in the ordination's interpretation, a contour plot of the survival distribution within each population was overlaid on the ordination axes. The resulting visual presentation permitted relative comparison between water chemistry variables and mean survival of each population.
Results
Mortality is reported as mean percentage ± SE (%). Mean mortality was highest in the REF2 population exposed in both the REF1 and REF2 (75 ± 6.2% and 78 ± 2.2%, respectively) reference sites, and so the REF2 population was removed from further analysis. Survival (Fig. 2) varied by site (F (3,39) = 7.96, p \ 0.001) and population (F (3,39) = 3.37, p \ 0.03).
The pH of all wetlands was between 7.3 and 8.1 (Table 1) . Specific conductivity was lowest in REF1 and increased through REF2, REC1, and REC2. Alkalinity was highest in REC1 and lowest in REC2. The two reference sites had similar alkalinity values to the reclaimed sites (Table 1) . The high specific conductivity of the reclaimed sites was also reflected in their high hardness values. Both REC1 and REC2 water were almost twice as hard compared with REF1 and REF2.
The Kruskal stress test of the NMDS ordination was 0.03 indicating that the fit of the ordination using two dimensions was acceptable (Clarke 1993) . Metal concentrations varied across all four wetlands. Based on the results of the NMDS analysis, some trends regarding metals emerged. Metals that were most associated with reclaimed sites over reference sites included nickel (Ni), copper (Cu), and strontium (Sr). Ni concentrations were ten times greater in reclaimed sites than in reference sites, whereas Cu values were 2-8 times greater in reclaimed sites than reference sites (Table 2 ). In addition, Sr values in reclaimed sites were almost double those in reference sites. Some metals, such as arsenic (As), chromium (Cr), and vanadium (V), were greater in reference sites than in reclaimed sites. Cr concentration was almost twice as high in reference sites compared with reclaimed sites. A similar trend was observed for V, which was two times greater in reference sites than reclaimed sites. The remaining metals varied by site with no clear trends.
The REC2 site had the highest Ni, Cu, and specific conductivity of all sites. The REF1 site had the highest levels of V and Cr of all sites. The REC1 site had the highest levels of barium (Ba), Cr, and V of all sites. The Fig. 2 Bold text denotes maximums and minimums SEM SE mean except for pH, which shows the range REF2 site had the highest level of As of all sites. NMDS analysis was able to clearly separate the sites according to their water chemistries (polygons in Fig. 3 ).
For the REF1 population, survival was lowest in the REC2 sites (Fig. 4) . Survival increased near the REC1 sites reaching a maximum before it decreased slightly in the REF1 sites. Survival was lowest where Ni, Cu, and specific conductivity were highest. Similar patterns can be seen in the REC1, REC2, and laboratory population survival-distribution contour plots (Fig. 4) .
The lowest pre-RT LC50 value (61.1 ± 5.6 lg L -1 Cd), corresponding to the most sensitive population, was observed in the laboratory population and increased through REC1 (73.0 ± 8.4 lg L -1 Cd), REF2 (76.3 ± 9.7 lg L -1 Cd), and REF1 (76.7 ± 6.4 lg L -1
Cd) (Fig. 5) . The highest LC50 value corresponding to the least sensitive population was observed in the REC2 population (89.0 ± 8.2 lg L -1 Cd). Only the laboratory and REC2 populations had statistically different LC50 values.
The LC50 values could not be estimated for post-exposure challenges (Fig. 5 ) because in each case the highest concentrations tested, which corresponded to the pre-exposure design, failed to induce [50% mortality.
For the pre-exposure assays, there was no difference (F (4,55) = 1.2, p = 0.3) in the phototactic responses among populations (Fig. 6) . For the post-exposure behavioural assays (Fig. 6 ), all treatment groups showed similar preference for the dark side, and there was no significant effect on preference for the dark half of the well by source population (F (4,143) = 1.2, p = 0.3), exposure site (F (3,143) = 1.3, p = 0.2), or both (F (5,143) = 0.7, p = 0.6).
Discussion
Despite the measured environmental differences between the four wetlands studied, we found no evidence for local adaptation in H. azteca populations in northern Alberta. By Table 2 Mean and SE of trace metals in the four study wetlands in lg L -1 (n = 3) Toxicol (2017) 72:189-199 195 definition, a population adapted to its environment would be more tolerant of the conditions in that environment (i.e., water quality and contaminant load) than a non-adapted population (Klerks 2002) . Based on this description and the data presented here, local adaptation has likely not occurred in the populations of H. azteca tested within the scope of this study. To interpret RT experiments properly, two comparisons must be made: home-site versus away-site comparison and local-population versus foreign-population comparison (Kawecki and Ebert 2004) . All populations had lower survival in their local wetland than foreign populations did, which is counter to what is expected in the local-versusforeign comparison. For example, within the REF1 site, the REF1 population had the lowest observed survival. Similarly, the REC1 population in the REC1 wetland had only the second highest survival, and the REC2 population in the REC2 wetland had the third highest survival. Furthermore, when comparing results using the homeversus-away criteria mentioned previously, all populations had greater survival in an ''away'' wetland than in their home wetland, which is also counter to what would be expected had local adaptation occurred here. For example, the REC1 and REC2 populations had greater survival in the REF1 wetland relative to their home wetlands, whereas REF1 had greater survival in both REC1 and REF2 wetlands than in its home wetland.
Others have found that the local-versus-foreign pattern of local adaptation holds true in habitats with contaminant gradients (Lopes et al. 2005; Bahrndorff et al. 2006; Khan et al. 2011) . A naïve and historically affected population of Gammarus pulex held in five sites in the River Hayle (UK) along a Cu and Zn gradient showed that the historically affected population survived significantly longer than the naïve population at sites contaminated with greater concentrations of Cu and Zn (Khan et al. 2011) . Another study field-collected Ceriodaphnia pulchella from reference sites and a site historically affected by acid mine drainage (AMD) and reared them in the laboratory for five generations before exposing them to water samples characterized as either reference or AMD-contaminated (Lopes et al. 2005) . In laboratory exposures, animals from the historically affected site survived significantly longer than reference animals (Lopes et al. 2005 ). Yet another study found that chironomids from a contaminated site had greater rates of emergence from contaminated sediment than clean sediment, whereas chironomids from a clean site had greater emergence in clean sediment than contaminated, suggesting a trade-off associated with greater fitness in the contaminated environment (Bahrndorff et al. 2006 ).
However, not all studies investigating local adaptation have found consistent evidence for local adaptation (Antonovics and Primack 1982; Rice and Mack 1991; Galloway and Fenster 2000) . A recent meta-analysis of local adaptation in salmonid fishes found that in 23-35% of studies, a foreign population outperformed the local population (Fraser et al. 2011) . One study on Bromus tectorum sown at sites with different environmental characteristics found that survivorship and fecundity were affected by site and year of planting but not by seed source population (Rice and Mack 1991) . The same pattern was observed in other RT experiments using Plantago lanceolata (Antonovics and Primack 1982) and Chamaecrista fasciculata (Galloway and Fenster 2000) . In each of these studies, local adaptation was observed only in the most extreme habitats or in those that were furthest ([1000 km) apart, thus suggesting that metapopulation processes (i.e., genetic drift, gene flow, plasticity) and temporal environmental variation hinder local adaptation. These results highlight the importance of plastic responses to varying environmental conditions because genetic bases for variation in fitness can be overwhelmed by environmental determinants of fitness (Hartgerink and Bazzaz 1984) .
One possible reason H. azteca have not locally adapted to sites in the Fort McMurray region is that oil sands development has only recently accelerated, and not enough time has passed for local adaptations to develop. In G. pulex from the River Hayle (UK), the environmental pressures driving divergent selection were related to Cu and Zn mine drainage that began as early as the seventeenth and eighteenth centuries and continue today (Khan et al. 2011) . In contrast, oil sands development only began in the middle part of the nineteenth century, and it was not until the 1990s that it experienced rapid acceleration. A similar environmental impact time frame can be seen in a study from Louisiana in which mosquitofish (Gambusia affinis) collected from a site historically affected by petrochemical drainage from 1920 to 1995 initially showed Fig. 6 Proportion of time spent in the dark side of the well for the pre-RT and post-RT populations (n = 12). Error bars represent 95% confidence intervals. Populations not shown did not survive the RT in sufficient numbers to be tested. Those that share the same letter are not significantly different greater tolerance to Pb compared with control fish (Klerks 2002) . However, after being held in clean laboratory water for 34 days, all tolerance to Pb had disappeared from subsequent assays using the historically affected population, thus indicating that tolerance was due to acclimation and not adaptation (Klerks 2002) . Other studies have shown that adaptations can establish relatively quickly (as few as six generations in Heterandia formosa) in the presence of strong environmental pressures such as contaminant concentration (Klerks 2002) . A review of adaptive evolution studies defined ''rapid'' adaptation as having occurred within the last 200 years (Reznick and Ghalambor 2001 ).
In the populations tested here, gene flow is assumed to be low because of the poor overland dispersal ability of H. azteca, the isolated nature of the individual wetlands, and the relatively large distances (in some cases [50 km) between them, thus making it unlikely to hinder local adaptation. However, in the presence of waterfowl, H. azteca can cling to feathers and be transported large distances over several hours to other wetlands (Swanson 1984) . In the present study, one wetland had significant waterfowl activity (REC1). No waterfowl activity was observed at the remaining three wetlands over the course of 3 years. In any case, strong selection pressures can overcome the influence of low levels of gene flow (May and Dobson 1986) . In the present study, the environmental factors (i.e., habitat quality) may not be strong enough to drive adaptive change in the wetlands tested. The largest differences in habitat quality among wetland sites were in specific conductivity, water hardness, and some metals (e.g., Cu, Ni, As, V, and Cr); however, the concentrations of metals measured here were relatively low compared with other studies that have shown local adaptation. For example, in the G. pulex study in the River Hayle (UK), Cu concentrations ranged from 0.8 to 42.7 lg L -1 , whereas the range of Cu concentrations reported herein were 0.6-3.9 lg L -1 (Khan et al. 2011) . In the present study, the differences in habitat quality may not be strong enough to overcome the hindering effects of low gene flow.
Local adaptation typically has a trade-off between greater fitness in the local site and lower relative fitness in foreign sites (Hereford 2009; Kawecki and Ebert 2004) . The magnitude of the trade-off is dependent on the magnitude of differences in habitat quality such that greater environmental differences between sites produce greater trade-offs in adapted populations (as reviewed by Hereford 2009 ). In the present study, it is likely that the environmental differences between sites were not large enough to elicit a clear fitness trade-off, and this is evidenced by the REC1 population having the highest survival in both a foreign reference wetland and a foreign reclaimed wetland (Fig. 2) . This does not mean that local adaptation has not occurred, but it does suggest that the observed changes are attributable to plasticity rather than adaptation.
The laboratory population had the highest observed sensitivity to the reference toxicant, Cd, followed by REC1 [ REF2 [ REF1 [ REC2. The REC2 population, which was collected from the most contaminated and youngest site, showed a greater tolerance for the reference toxicant compared with the laboratory population. This pattern of increased tolerance along a gradient of increased contamination has been shown in other organisms (as reviewed by Klerks and Weis 1987) . However, the presence of this pattern is not necessarily indicative of local adaptation but rather physiological changes related to developmental differences driven by environmental variables such as water chemistry (Klerks and Weis 1987; Lam 1999 ).
In conclusion, we found no evidence to suggest that H. azteca from the wetlands tested here have locally adapted to oil sands development. In addition, we show that the Burlington Clade 1 population of H. azteca responded similarly to native wild-caught populations from both reference and reclaimed sites, thus indicating that studies using only laboratory animals may still provide ecologically relevant results. We found that phototaxis is not affected by chronic exposure in the wetlands tested here and was not a good indicator of sublethal toxicity. Future research on local adaptation in northern Alberta should look to test populations from numerous reclaimed wetlands associated with diverse types of OSPM because different OSPM types may exert strong adaptive pressures on local populations.
